Aim: To investigate the relationship between anthropometry at birth and glucose=insulin metabolism in childhood using the response to an oral glucose challenge. Method: Four hundred mother=child pairs on whom gestational and birth data were available were studied. After an overnight fast, anthropometric measurements were made on the children and an oral glucose tolerance test performed. The plasma concentrations of insulin, pro-insulin and 32 -33 split pro-insulin were also measured. Skinfold thicknesses were used to calculate percentage body fat and fat mass was derived from the percentage fat and absolute weight. Results: The mean age of the children was 8 y (range 7.5 -10.5), and six exhibited impaired glucose tolerance based on WHO criteria. Insulin concentration 120 min after the oral glucose load (a measure of insulin resistance) was inversely related to length at birth (P<0.005). The children who were in the shortest quartile at birth and were heaviest at 8 y old had the highest insulin concentration. Conclusion: Shortness at birth is related to insulin resistance. Such insensitivity to the action of insulin is greater in heavier children.
Introduction
In Jamaica, diabetes mellitus is an important disease with a prevalence of 13.4% (Cooper et al, 1997) and it accounts for 10% of total mortality. (The Statistical Institute of Jamaica, 1996) . These rates are higher than those reported for West Africa (Cooper et al, 1997) . Data on the role of genetic factors in the aetiology and pathogenesis of diabetes in these populations are not available, but the gradient in prevalence across these populations of African origin is partly attributable to increasing body mass index (BMI; Cooper et al, 1997) .
Fetal programming of glucose intolerance might also make a significant contribution to the genesis of type 2 diabetes mellitus (Hales et al, 1991; Forrester et al, 1996; Phipps et al, 1993; Leger et al, 1997) . Recent studies have shown that impaired glucose tolerance and frank diabetes in adult life are related to growth restraint during fetal life (Hales et al, 1991; Barker, 1994) . Abnormal glucose tolerance has been described in relation to lower birth weight, ponderal index and growth in early childhood (Hales et al, 1991; Barker, 1994) . In Jamaica, the informative phenotype appears to be shortness at birth (Forrester et al, 1996) rather than thinness as in the UK (Law et al, 1995) .
The mechanism of glucose intolerance in adults who were light or thin at birth is thought to be insulin resistance (Phillips et al, 1994) . However, that relating to shortness has been less fully characterized (Phipps et al, 1993) . The pattern of pathology related to diabetes also differs across the various groups studied, with coronary disease being prominent among Caucasians and Indians, but not among Africanorigin Caribbean populations. Such differences might depend partly on the differences in the pathophysiology of diabetes in the different groups. Therefore describing the pathogenesis of glucose intolerance and diabetes in this setting defined by shortness, rather than thinness at birth, could be useful in understanding the pattern of disease sequelae.
In this study, the relationship previously described between shortness at birth and increased glycated haemoglobin in childhood was further investigated, using an oral glucose challenge to assess glucose=insulin relationships.
Patients and methods
The records of 1500 children who were delivered at the University Hospital of the West Indies (UHWI) in the years 1987 -1989 were used to recruit subjects to join the study. A public health nurse traced the mother starting from her address at the time of delivery. The first 400 children and mothers contacted were invited to the Tropical Metabolism Research Unit (TMRU) after the purpose and nature of the study had been explained and informed consent on behalf of the child obtained. Details related to mother's name, address, antenatal measurements of weight, height, blood pressure, haemoglobin concentration, gestational length, and date of delivery were abstracted from the hospital record. Routinely recorded measurements of birth weight, crown -heel length, crown -rump length and head circumference were also noted (Thame et al, 1997) . Children were instructed to fast from 10:00 pm the night before the study and, together with their parent, were brought to the TMRU by 07:00 h.
Measurements
A questionnaire was administered to the parent and child to determine medical history and socioeconomic status (Forrester et al, 1996) . Children with systemic or genetic diseases, eg sickle cell disease, were excluded. The purposes and procedures of the study were reviewed and written consent was obtained from the parent and verbal consent from the child.
Anaesthetic cream (EMLA Astra Pharmaceuticals Ltd, Kings Langley, Herts, UK) was applied to the left ante-cubital fossa while the child lay supine. Half an hour later when skin anaesthesia had been secured, a 22 gauge plastic venous cannula was inserted (Vasocan Branule, TUV Products Service, Germany). The cannula was flushed and kept patent with normal saline. Anthropometric measurements were made using standard procedures . Children were weighed on a digital scale (Sartorius Model F 1505 KRB, USA) to the nearest 50 g. With the head in the Frankfurt plane, height was measured to the nearest 0.1 cm using a standing stadiometer (CMS Weighing Equipment Ltd, UK). Waist, hip and mid-upper arm circumferences were measured using a fibre-glass tape. Four skinfold thicknesses (biceps, triceps, subscapular and supra iliac), were measured with a Harpenden caliper.
Oral glucose tolerance test
One hour after insertion of the cannula, 10 ml of blood were withdrawn for measurement of glucose concentration and insulin, pro-insulin and 32 -33 split pro-insulin concentrations. Children then drank a glucose solution, 75 g in 300 ml water within 3 min. Further 5 ml blood samples for the measurement of glucose (fluoride) and insulin (lithium heparin) concentrations were taken at 15, 30, 60, 90, 120, 150 and 180 min after the glucose administration. Blood was immediately centrifuged at 4 C and aliquots of plasma stored at 7 80 C for later analysis. Plasma glucose was measured by the glucose oxidase method (Trinder, 1969) . Plasma insulin was measured by a double antibody solid phase radioimmunoassay (Hales & Randle, 1963 ; Phadeseph Insulin RIA 100; Pharmacia Diagnostics, Uppsala, Sweden), pro-insulin and split pro-insulin by means of highly specific two-site monoclonal antibodybased immuno-radiometric assays (Sobey et al, 1989) in which inter-assay variation was less than 10%. The 30 min insulin incremental response was calculated as the increase in insulin concentration 30 min after glucose challenge relative to the glucose concentration at 30 min (Wareham et al, 1995) .
Percentage body fat was calculated from measurements of skinfold thicknesses using equations based on a multi component approach to body composition, and allowed for the chemical immaturity of children (Slaughter et al, 1988) . Fat mass was calculated from percentage fat and absolute weight.
Statistics
Insulin concentrations were log-transformed to normality. Descriptive data are presented as means AE the standard deviation. Relationships between variables were first assessed using Pearson's correlation coefficients. Regression analysis was then used to examine the relationships between glucose and insulin concentrations, and possible determinants which included current, newborn and maternal anthropometry. The a priori hypothesis which guided these analyses was that length at birth was inversely related to the concentrations of glucose and insulin prior to and after the glucose challenge.
Shortness at birth and insulin resistance F Bennett et al Table 1 shows characteristics of the 400 children at birth and when studied at age 8 y. Fifty children were born at 258 days gestation or less and there were equal numbers of boys and girls. Mean birth weight and crown -heel length corresponded closely to values obtained from a sample of Jamaican newborns studied in the 1970 s (Lowry & Bailey, 1978) . The Jamaican babies were significantly heavier than babies born to Asian women but some 200 g lighter than UK babies (Perry et al, 1995) . Table 2 shows glucose concentrations at baseline (fasting), and at 30 and 120 min after the oral glucose load. Whereas there were no children who had glucose concentrations >11.0 mM 2 h after the glucose load, six had concentrations between 7.8 and 11.1 mM. One child had a fasting glucose >7.8 mM but a normal 2 h value.
Results
Relationships between glucose=insulin and current anthropometry Of the anthropometric variables measured (BMI, height, weight, waist and hip circumference), weight was related to most measures of glucose and insulin status, as was the child's age and gender (Table 3 ). There were no significant relationships between anthropometry and glucose concentration 120 min after glucose challenge. The insulin concentration 30 and 120 min post-challenge was higher in girls than in boys (512 vs 359 pmol=l at 30 min and 262 vs 165 pmol=l at 120 min; P<0.001)
Relationships between glucose=insulin and newborn anthropometry Anthropometry at birth was not related to glucose concentration before or after glucose challenge with the exception of an inverse relationship between head circumference and (a) fasting glucose and (b) glucose after 30 min (Table 3) . Head circumference was inversely related to fasting insulin and ponderal index directly related to insulin concentration at 30 and 120 min. Crown -heel length was inversely related to insulin concentration at 120 min. Birth weight was not related to the concentration of glucose or insulin.
In a simultaneous regression of age, gender, weight and crown -heel length on insulin concentration, crown -heel Shortness at birth and insulin resistance F Bennett et al length was inversely related to insulin concentration at 120 min (Table 4a ). The pubertal status of the children was not assessed. However, height, an indicator of maturation, when entered in the regression analysis, was not an independent predictor of insulin concentration at 120 min and the inverse relationship of crown -heel length was preserved. The relationship was amplified by current weight and was independent of length of gestation or socioeconomic status (data not shown). When analysed by the four regression model proposed by Lucas et al (1999) , current weight had superior predictive power to birth length (r 2 ¼ 0.158 vs 0.084, respectively). The interaction of length at birth and current weight (Table 4b ) was marginally significant (P ¼ 0.063). The decrease in log insulin concentration of 0.022 pmol per cm of birth length was attenuated by 0.001 for each kg increase in current weight, ie increased weight resulted in higher insulin concentration.
The children were divided into those in the shortest fourth at birth and the rest ( 49 and >49 cm). As a group, the shorter children had significantly higher insulin concentration 120 min after a glucose load (P<0.05). A simultaneous comparison of the effect of current weight and crown -heel length at birth on insulin concentration at 120 min, showed that the children who were shortest at birth and heaviest at 8 y old, had the highest insulin concentration (Table 5) . Conversely the lowest post-challenge insulin concentrations were seen in those children who were long at birth and had a lower weight at age 8 y. (73) 144 (84) 166 (105) 203 (124) 167 (386) a Insulin concentrations are geometric means. b n.
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Discussion
Of the 1500 children born between 1987 and 1989, 400 were studied. It is likely that these were representative of the entire cohort as their anthropometry at birth was similar to that reported in studies of Jamaican newborns conducted in the 1970s (Lowry & Bailey, 1978) and 1990s (Thame et al, 1997) .
In individuals with normal glucose tolerance, the insulin concentration 120 min after a glucose load has been shown to be correlated with insulin resistance measured by the euglycaemic hyperinsulinaemic clamp technique (Laakso, 1993) . In Nauruans with normal glucose tolerance, insulin concentration 120 min after a glucose load has also been shown to be the factor most predictive of progression to type 2 diabetes and impaired glucose tolerance (Sicree et al, 1987) . In this study, there was an inverse correlation between the child's length at birth and insulin concentration 120 min after an oral glucose load. An inverse relationship between birth weight and insulin resistance and risk of type 2 DM in adulthood has been described in a Caucasian population (Phillips et al, 1994) . In India, higher rates of type 2 diabetes were found in those who were short at birth and had a higher ponderal index (Fall et al, 1998) . Conversely, in a study of 7-y-old children in Britain, a low ponderal index has been shown to be associated with a higher plasma glucose concentration 30 min after a glucose load (Law et al, 1995) . In Jamaican children, while ponderal index was not related to plasma glucose concentration 30 min after a glucose load, there was a direct relationship to insulin concentration at 120 min. This relationship is probably due to the inverse relationship between ponderal index and crown -heel length (CHL ¼ 53.7 vs 47.6; P<0.001 lowest vs highest quartile of ponderal index). In this population, unlike Britain, crown -heel length rather than thinness at birth is likely to be responsible for the relationship with markers of insulin resistance in childhood.
Insulin resistance secondary to reduced muscle mass has been one mechanism proposed to explain the association between low birth weight and increased risk of impaired glycaemic status in later life (Phillips et al, 1994) . Data from this study do not directly address the mechanism responsible for insulin resistance in children that were short at birth. However reduced muscle mass is an unlikely explanation. There was a direct association between fasting insulin concentration and measures of adiposity (BMI or fat mass); there was no relationship with fat free mass (data not shown), which is closely related to muscle mass.
In the present study the effect of shortness at birth on insulin resistance was greater in the heavier children. The children who were shortest at birth and gained most weight, had the highest insulin concentration at 120 min. In a Caucasian population, the highest insulin concentration 120 min after a glucose load was observed in children of low birth weight that had gained most weight (had the highest ponderal index; (Whincup et al, 1997) . In both groups of children, current weight was a stronger predictor of insulin resistance than anthropometry at birth. These results suggest that, while the informative phenotype for the risk of developing insulin resistance may be shortness at birth in this Jamaican population, and low weight and thinness at birth among the British, in both populations weight gain during childhood increases the likelihood of insulin resistance.
Obesity in childhood tracks through to adulthood (Dietz, 1993; Whitaker et al, 1997) and hence the risk of type 2 diabetes is likely to be greater in those children who were short at birth and gained most weight. While these data do not relate directly to disease (non-insulin-dependent diabetes mellitus, NIDDM) but rather to a risk factor for NIDDM, insulin resistance, when combined with data that identifies 2 h insulin concentration as an independent predictor of likelihood of progression to diabetes and impaired glucose tolerance (Sicree et al, 1987) , they are consistent with the hypothesis that fetal programming increases the risk of diabetes in adulthood.
Undernutrition late in gestation is thought to result in a disproportionate baby, in whom there is a reduction in linear growth relative to head circumference and a reduced abdominal circumference, ie a short, thin baby (Barker, 1998) . This is associated with failure of pancreatic development (Van Assche et al, 1977) , the mechanism suggested to be responsible for impaired insulin secretion in disproportionate children (Barker, 1998) . However, there is evidence that in disproportionate babies, growth retardation begins in the second trimester (Vik et al, 1997) . At birth, relative to the longest children, the shortest children in this study were disproportionate (head circumference : length ratio of shortest vs longest quartile of birth length 71.9 AE 4.9 vs 62.2 AE 3.4%; P<0.001), but were not thin as predicted (Barker, 1998) ; ponderal index 28.5 AE 5.9 vs 19.9 AE 5.9 kg=m 3 (P<0.001), for shortest vs longest quartiles of birth length). In this study, neither the disproportionate nor the symmetrical children studied showed evidence that insulin secretion (30 min insulin incremental response) was related to anthropometry at birth. These findings would therefore suggest that the mechanism primarily responsible for the increased risk of insulin resistance in children that are short at birth with high ponderal index is not likely to involve impaired insulin secretion. Rather, as is the case in thin and lowbirthweight children, insulin resistance appears to be the more important contributor to the increased risk of type 2 diabetes in later life. However, the likelihood of a reduced b-cell mass contributing to the risk of developing diabetes in adulthood cannot be discarded. A study from India provides evidence of an association between shortness and a high ponderal index at birth and reduced insulin secretion in adulthood (Fall et al, 1998) . Thus, it is possible that short pre-pubertal children may have a reduced b-cell mass but, due to their small size, are able to mount an adequate insulin response to a glucose challenge. In adulthood when muscle bulk is increased, the response of a Shortness at birth and insulin resistance F Bennett et al decreased b-cell mass to a similar challenge would be insufficient.
Conclusions
Shortness at birth is related to insulin resistance. Such insensitivity to the action of insulin is greater in heavier children.
